The purpose of this study was to characterize the activity levels of the thigh muscles (Vastus medialis oblique muscle, VMO; Rectus Femoris muscle, RF; Vastus Lateralis muscle, VL; and Biceps Femoris muscle, BF) during 4 basic patterns of Proprioceptive Neuromuscular Facilitation (PNF) techniques of the lower extremity with the knee straight. Ten healthy adult volunteers (5 men and 5 women, with a mean age of 21.7 ± 3.2 years) who were knowledgable about PNF patterns were involved in this study. Surface electromyography (Furusawa Labo) was performed and recorded by bipolar miniature silver-silver chloride electrodes, from which rectified filtered electromyograms (RFEMG) obtained. Each PNF pattern was examined under maximal isometric contraction against manual resistance in the lengthened range. Normalized data (%RFEMG) were analyzed using one-way analysis of variance and Tukey's multiple comparison. The results allowed us to divide PNF patterns into two types: the type containing a flexor component, and that containing an extensor component. In the first type of PNF, %RFEMG was highest in RF > VL > VMO > BF and in second type of PNF, %RFEMG was highest in BF > VMO > VL > RF. RF was found to be primarily active in the first type of PNF, while BF was primarily involved in the second type of PNF. VMO tended to be involved in PNF patterns containing components of adduction and external rotation. VL activity did not differ significantly among PNF patterns.
INTRODUCTION
Various methods including the manual method and methods using special machines are utilized for muscle strengthening exercises. Among these methods, manual muscle strengthening exercises have several advantages such as easy selection of the patterns of muscle contraction, according to the purpose of the exercise, as well as adaptability of the exercise program to the muscle strength and fatigue of the patient. Among these manual exercises, the PNF technique is relatively well established.
PNF was systematized in the 1940's by Kabat, Knott et al. It has often been used clinically as a manual treatment technique. PNF is characterized by three-dimensional mass movements. Spiral and diagonal movements are adopted in the technique 1) . These movements are consistent with the skeletal system of bones and joints, and the ligamentous structures. Furthermore, these movements are closely related to activities in daily life 1) . Because of these consistencies and similarities, the PNF technique has recently been applied to the treatment of sports injuries as well as to improving performance, and promising results have been obtained 2) . Neurophysiological analysis of PNF as a facilitation technique [3] [4] [5] [6] [7] , and usefulness of PNF treatment [8] [9] [10] have already been reported by numerous investigators, however, there have been few reports of actual muscle activity in PNF.
The purpose of this study was to measure the activity levels of the thigh muscles in four PNF patterns of the unilateral lower extremity and to characterize muscle activity in each PNF pattern.
METHOD

Subjects
Ten physical therapy students (5 men and 5 women, with a mean age of 21.7 ± 3.2 years) with a knowledge of PNF patterns, volunteered for the study. None of the subjects had a history of neurological or orthopedic disorders of the lower extremities or back. All subjects were informed of the objectives of this study and gave consent prior to participating.
Examined muscles
Four muscles were examined: the vastus medialis oblique muscle (VMO), rectus femoris muscle (RF), vastus lateralis muscle (VL), and biceps femoris muscle (BF) in the right lower extremity.
Examined PNF patterns
The PNF patterns examined were four unilateral lower extremity patterns: 1) hip flexion, adduction and external rotation (D1F); 2) hip extension, abduction and internal rotation (D1E); 3) hip flexion, abduction and internal rotation (D2F); and 4) hip extension, adduction and external rotation (D2E). Each pattern was tested with the knee straight.
The subjects were positioned supine on a bed. They were wound up adequately and then performed quick stretching, to induce maximum isometric contraction against manual resistance in the lengthened range for 3 seconds.
Each subject performed the exercises three times before the examination to understand the patterns of motion. During measurement, we confirmed that the direction of the movement was diagonal and that all three movement factors were included in the movements. The order of the examined PNF patterns were performed at random in all subjects, and a two-minute rest period was allotted after each pattern to avoid fatigue. The same therapist performed all procedures.
Apparatus
Each muscular activity was recorded by a surface electromyograph (Furusawa Labo).
Miniature silver-silver chloride electrodes, measuring 8 mm in diameter were attached to the subject's skin in line with the muscle fibers. A constant distance of 20 mm was maintained between the centers of electrodes. By bipolar recording using these electrodes, rectified filtered electromyograms (RFEMG) were obtained. Impedances below 10 Kohm were accepted. A common ground electrode was positioned over the right external ear. Stability of myograms was also checked.
Statistical analysis
From the RFEMG obtained, we calculated the mean RFEMG value of each muscle for 3 seconds in each PNF pattern. The data of the quadriceps muscles were normalized by the mean RFEMG value during maximal isometric contraction of each muscle with the knee extended at 0 degree for 3 seconds. The data of biceps femoris muscle were also normalized by the mean RFEMG value with the knee flexed at 0 degree for 3 seconds. This was done to correct for the differing absolute levels of RFEMG in different subjects. %RFEMG was calculated as follows: %RFEMG = (the mean RFEMG value of each muscle in PNF patterns) (the mean RFEMG value of each muscle in the maximal isometric contraction) 100.
The mean of %RFEMG of each muscle was then analyzed using two-way analysis of variance and Tukey's multiple comparison for each pattern.
RESULTS
Means and standard deviations of the %RFEMG value for the VMO, RF,VL and BF in the four lower extremity PNF patterns are shown in the Table 1. In PNF patterns that contained the flexor component (D1F, D2F), %RFEMG was highest in RF > VL > VMO > BF. In PNF patterns that contained the extensor component (D1E, D2E), %RFEMG was highest in the opposite order (BF > BF showed high muscle activities in the extension patterns. There were no significant difference between flexion and extension patterns in the one joint muscles (VMO and VL). VMO was more active during patterns with adduction and external rotation components. Voss et al. described the selection of patterns for different weakened muscles 1) . They reported that the patterns including flexion components (D1F, D2F) were the optimal patterns for RF. The patterns including adduction and external rotation components (D1F, D2E) for VMO and BF, and abduction and internal rotation patterns (D1E, D2F) for VL were the optimum. Although our results on RF and VMO confirmed the description of Voss et al., BF showed higher muscle activities in patterns with extension components. As reported by Basmajian et al. 14) and Adler et al. 15) , BF is active synergistically as the hip extensor muscle, therefore, BF may be strongly affected by patterns with extension components (D1E, D2E). We could not confirm that the patterns with abduction and internal rotation components (D1E, D2F) were optimal for VL. This was consistent with the study by Arsenault et al. 13) .
The muscle activity observed in the present study, should be considered when selecting an optimal PNF pattern for a given muscle. Furthermore, detailed analysis of muscle activities in different PNF patterns may be especially important for selecting an optimal pattern. VMO > VL > RF). Therefore, the activity of each muscle could be divided into two components (flexor and extensor). The flexor component was remarkably higher in the RF, while the extensor component was remarkably higher in the BF.
The %RFEMG of VMO did not differ significantly among the different PNF patterns, although it was slightly higher in the patterns containing components of adduction and external rotation (D1F, D2E). The %RFEMG of RF in the patterns containing flexor components was significantly higher than that in patterns containing extensor components (p<0.05). Regarding the %RFEMG of the VL in the various patterns, the D1F pattern showed the highest activity of the four patterns, but the PNF patterns did not significantly influence this parameter. In contrast to the finding for RF, the %RFEMG of BF in patterns containing an extensor component was significantly higher than in patterns containing a flexor component (p<0.05).
DISCUSSION
Although the PNF technique has been widely used as an effective manual muscle strengthening and facilitation method, there have been few studies that recorded muscular activities during PNF [11] [12] [13] . Voss et al. systematized the PNF technique based on the alignment characteristics of the individual muscles, palpation of muscle action in normal and pathological subjects, and studies on the maximal extension of each muscle 1) . They did not, however, actually analyze muscle activities, therefore, their theory contains many empirical factors. For this reason, we investigated the activity of the thigh muscles of the lower extremity (VMO, RF, VL and BF) in four PNF patterns.
The PNF patterns could be divided into two components: flexion patterns and extension patterns. Of the two joints muscles, RF showed high muscle activities in the flexion patterns, whereas 
